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286 PHYSICS: A. G. WEBSTER 

ON THE POSSIBLE FORM OF THE EQUATION OF STATE OF 

POWDER GASES 

By A. G. Webster 
Ballistic Institute, Clark University, Worcester, Massachusetts* 
Communicated May 14, 1919 

It has been customary for ballisticians to make use of the equation proposed 
by Clausius, 

{"tGhpY—*-**- (1) 

in the simplified form, suitable for the high temperatures concerned, . 

p (v - a) = RT. (2) 

At the same time it is customary to make use of the experimental results of 
Mallard and le Chatelier and of Berthelot and Vieille on the specific heats 
which state that C v is a linear increasing function of the temperature. While 
apparently no experiments have been made on Cp it is assumed that the dif- 
ference of the specific heats is constant, as in the case of an ideal gas. 

It has occurred to me to examine the question of the most general form 
possible for the equation of state that shall permit of variability of the 
specific heats, but maintain the constancy of their difference. This question 
does not appear to have been treated, 

By an application of the two laws of thermodynamics we obtain the well- 
known equation 

bT bT 
(C,-Q^- ?±- =7\ (3) 

bp bv 

If we use the usual letters for differential equations, putting x for v, y for p, 
z for T divided by C P — C„ supposed constant, and as usual p for bz/bx, q 
for bz/by we have the very simple partial differential equation, 

F = pq-z = 0. (4) 

This may be very simply integrated by Cauchy's method, which consists in 
integrating the .system 



dx _ dy _ ■ dz 


dp 

x + pz 


dq _ du 


P Q Pp + Qq 


Y + qZ q 



where the capital letters represent the derivatives of F with respect to the 
corresponding small letters, and u is an extraneous parameter. Having found 

* Contribution from the Ballistic Institute, Clark University, No. 5. 



PHYSICS: A. G. WEBSTER 287 

five integrals, with five arbitrary constants xo,yo, z<>, po, qo we make the latter 
functions of a second parameter v satisfying the equations 

Po ?o — z = 0, — = Po — + Qo tt". v5; 

ov ov ov 

We easily obtain the five integrals, 

Po P q 
x — Xq-u, y — y = i-u, — == -2- , q — q = u, 

qo Po qo 
z-z = 2p u + ^u 2 , with po = - . 

Instead of adopting Cauchy's form for the introduction of the arbitrary func- 
tion, we will attempt to pass the integral surface through the plane z<> = 
const., representing an isothermal. We put 

*b = », Jo - <P (»), Po + qo <p'(v) = 0, - = - /(o), 

?o 
y = ¥>W — «¥>'(?>), (6) 

z = z =•= 2 V — z ¥>'W u — <p'(v)u 2 , 
x = u-\-v. 

If we adopt the Clausius equation for the form of one particular isothermal, 
we may put 

/ -. Rz a 

<PW = j , 

» — a z (v + /3) 

, W -_ *5^ + _* (7) 

(v - a) 2 Zoiv+p) 3 

We thus obtain finally 

* = u + v, 

Rz a ( Rz 2a 



f Rz _ 2a ~) 

" ^ -a Zo(*>+0) 2 ' 'l(f-a) 2 2o(» + 0) 3 J (8) 

z = z ^2uJJZ^o 2a\ + u 2(R*o_ 2a\ 

^ Z °V(.-a) 2 Z (v+P) 2 J l(v-af Zo(v + P) 3 j 

so that we have the parametric equation of the surface. It may be noted 
that putting u = 0, z = J 1 we fall back on the ordinary Clausius equation 
(1) as a particular case, with (2) and the ideal gas equations as still more 
particular. 



288 PHYSICS: A. G. WEBSTER 

In order to obtain the expression for the energy for such a gas, we make use 
of the equation 

u= jT(r|| -#)<& + cdr], (9) 

in which we have now to put 

bp _ b(p, v) I b(T, v) 
bT b{x,y) j b(x,y) 

We have now to make use of equations (6) in which, replacing the usual 
thermal notation, and now using x and y for the arbitrary parameters, 

T = T ± 2 x V- T <p'(y) - x 2 <p'(y), 

p = <p(y) - x<p'(y), (10) 

v = x + y, 

ox by ox by 

— = ± 2 V- r oP '(y) - 2 *?'(y), 
ox 



S-^V-^T-^), 



Oy ' ' <p'{y) 

so that finally 



2 *>('y) + V60 



v - J[(r. * 2. V- w - »v«) 2 v -^ _ _ ^ J n 

*■ ' p'(y) 



x(^+^y) + ci^* + ^ 



\^bx dy J ibx by 

I have also integrated the equation for the case that the difference of the 
specific heats is a linear function of the temperature, but this seems not neces- 
sary in the light of present experimental data. 



XyV 
(11) 



